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ABSTRACT

A stgdy of the Mount Nansen area, south-central Yukon,
has shéWn'that_its sgfface geoibgy is similar to that of ﬁany
' porppyry copper camps. The area is part of a northwest trend-
ing belt of Mesozoic to Tertiary calc-alkaline igneous rocks.
Igneous roéks intrude and overlie metamorphic rocks of un-
certain age. At least three periods of igﬁeous activity have
occurred.

Rocks formed during the first period of igneous
activity are mainly extrusives and are called the Mount Nansen
grbup. Rock types of this group are commonly andesite porphyry
and andesite flow breccia. A hypabyssal ﬁorhblende mohzonite
porphyry unit occurring as a sill gnd dykes has been included
in this group on the basis of its mineralogy. The formation
of this group probably started in Jufassic time and may have
extended into the early Tertiary.

A second period of intrusion produced two batholithic
rock units. Hypersthene-quartz diorite is found peribherél to
a more areally extensive unit, of a quartz monzénite—adamellite
composition. The quartz moﬁzonite unit’ intrudes the quartz
diorite but these uﬁits can probably be considered comagmagic.
Rocks of this second igneous period are of mid;Cretaceous age.

A multiple phase porphyry intrusion, of late-Cretaceous
to early-Tertiary age, is spatially related to the batholithié
rocks. The earliest and closely associated phases include

units of biotite-quartz monzonite and quartz-monzonite porphyry.

)



A later sub-volcanic phase of rhyodacite porphyry has probably
intruded at a higher tectonic level. Porphyritic dykes and
extrusive outliers of rhyolite porphyry appear closely

" associated with this final period of intrusion.

The porphyry units have been brecciated and fractured.
Brecciation may be due to the explosive action of confined
late stage volatiles in sub-volcanic cupolas. Areas of frac-
turing have localized hydrothermal solutions that probably
have differéntiated»from the porphyry magma. Advanced argillic
and phyllic alteration mineral assemblages are.found in these
brecciated core areas. 'Shctessively sﬁrrounding intensely
altered cores are irregular halos .of argillic and propylitié
alteration. Supergene and deuteric alteration may have
increased the extreme amount of argillization and propylitiza-
tion found in these outer zones. The alteration pattern has
been produced mainly by a decreasing, temperature and cation
activity ratio of the altering hydrothermal fluids. o

Pbst—alteration faulting has modified the halo pattern

of alteration mineral assemblages.



INTRODUCTION

Foreword

The Mount Nansen area has potentiél for porphyry
copper-type mineralization. The geological environment is
similar to that 6f the large copper deposits of the south-
western United States. The author investigated this area
during the 1970 field season while employed by Cyprus Explora-
tion Corporation Limited. Several features common to porphyry
copper deposits were noted.  Two of theée are described in
detail within this thesis. They are:

1. the petrology of an early Tertiary, cbmposite

porphyry stock and adjacent rock types.

2. the zonal distribution of hydrothermal alteration
products, including the possible effects of a

supergene imprint.

Outcrop in the Mount Nanéen area is less than 5%.
Recognition of the various rock types, especially fhe
intrusives and their relationships is essential in coming to
:an understanding of thé complex geology. Coupled with the
lack of outcrop, many of the primary mineralogical and
textural features of the rocks are obscured by hydrothermal
and supergené activity. To assist with field work, petro-
graphic, x-ray diffraction and staining studies were made to
enable a better understanding of the geology of the Mount
Nansen area. A geological and alteration map shows the results

of these studies.






Location and Access

The thesis area is located in south-centrai Yukon
Territory, 115 miles northwest of Whitehorse and 35 miles west
- of Carmacks (Figure 1). It encompasses 18 square miles between
137°07' to 137°16' west longtitude and 62°03'30" to 62°06'30"
nofth latitude.

Access to the Mount Nansen area is by a 45 gile long .
dirt road branching westeriy at Cafmack§ from the Wﬁitehorse-
Mayo Highway. A four wheel drive vehicle.is'required to reach

the area except during dry weather conditions.

History

The first geologist td visit the Mount Nansen agea was
D.D. Cairnes in 1914. He examined the gold placers on“Nansen
-énd‘Victoria Creeks and made a recqnnaissance'sufvey of the
region. His map and.report appeared in the éeological Survey
of Canada, Summary Report for 1914, H;S. BQstock also of the
G.S.C. undertook a reconnaissance survey of the Carmacks
district in 1932, 1933 and 1934. He compiled a report and map
which was»pﬁblished as Memoir 189.

Mining in tﬁe'area has been intermittent. All the
creeks were staked for placer golé by ﬁiners enroute to the
Klondike. Most claims have lapsed and in ail, only from $5,000
t§ $7,000 in gold ié thought to have been obtained from the

Nansen district (Cairnes, 1914).
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In 1943, prospectors leocated Pb-Ag-Au veins one mile

south of the thesis area. These veins were later explored by
Peso Silver Mines Ltd. On the basis of this exploration,
Mount Nansen Mines Ltd. put a 400 t.p.d. mill into production
in 1968. The produétion period started September, 1968 and
ended April, 1969 as a result of poor recovery of the Ag and

Au values.
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GEOMORPHOLOGY

Glaciation

The thesis area lies at the southwest'end of the Dawson
Range. The Dawson Range is a northwest trending belt of gentle
summits within the Yukon Plateau. Most of the Dawson Range
" escaped glaciation during Pleistocene time and is characterized
by gently rolling hills, V—shéped valleys and the absence of
lakes. These features are consistent with a physiographically
mature surface.

| Very little evidence of glacial erosion could be found

in the Nansen area although the area lies ;lose to the western
hérgin of Pleistocene glaciation {(Figure 2). Cairnes (1914)
noted glacial boulder-clay in Nansen Creek while examining gold
piacers in the area. He postulated that since this area was on
the edge of a late Wisconsin (McConnell) advance, the boulder-
clay represenfed theveffect of glacial toﬁgues filliné the
larger valleys. Hence ice’aétion would probably not have
extended more than a few hundred feet up the sides of the
Nansen Creek valley and consequently the glacial deposits -
would not reach far above the present valley bottom.

Bostock (1966) and Hughes (1969) believe the boulder-
Aclay to be related to a pre-McConnell advance to which they
have giQen the informal name of Nansen advance. Bostock.(l966)
reports visiting a section at 4,600 feet elevétion on the head
of Discovery Creek. The section shows soil at top, underlain

by angular rubble and then by coarse rotten gravel that lay



-

on be&rock. This gravel, he believed, belonged to the glacia-=
tion that left the boulder-clay. Bostock (1966) further
assumés that the high elevation at which the gravel occurs
indicates that the glaciation probably spread beyond the
locality where it has been found. HoweVer, léck of noticeable
glacial topographical features suggests that very little

glacial erosion occurred.

Plate 1. Section exposed in Discovery
' Creek. Glacial gravel is
cemented with limonite.
Climate in recent times has been both cold and arid.
Mean annual temperature is in the range of 20 - 30° Fahrenheit

and annual precipitation'is 8 - 14 inches. The area is perma-

" frost covered.



Topography

The Mount Nansen area is characterized by gently
rolling hills., The maximum relief in the area is 2,490 feet
from the altitude of 3,400 feet at the lowest point in the
Nansen Creek valley to 5,000 feet 05 Mount Nansen. ‘A central
ridge éveraging 4,500 feet in altitude trends northwest across
the area. It slépes off gently to Nansen Creek on the west
and the headwaters of Victoria Creek to the east.

Topography indicates that at higher elevations glaéiél
erosion has not occurred except possibly by glacial tongues in.
the major creek valleys.

Geblogical controls such as rock type, hydrothermal
alteration and fracturing have influenced the trellis type
drainage pattern. Resistant Mount Nansen volcanics form craggy
bluffs which almost completely surround a topographic low. of
hydrothermally altered intrusives. trongly éilicified areas
within these intrusives are left as dome structures. Creeks
gehefally trend north, northwest and northeast following the
predominant fracture trends of the area. Nansen Creek;
Discovery Creek and the East Fork are exam@les.

Timberline is at an altitude of approximately 4,000
feet. The lowest_sections of the area are cer:ed thinly‘by
spruce, birch and poplar. Thick brush extends above timber-

line but the higher areas are covered only by grass.



Plate 2. View north from the head of
Discovery Creek. Higher peaks
are volcanics. The three
domes in middle distance are
silicified porphyry intrusives.



Flate 3.

View south from northeast
corner of thesis area.
Volcanic outcrop in fore-
ground., Topographically
low weathered intrusives
in background.

10



11
REGIONAL GECLOGY
Lithologies

The area is part of a northwest trending belt of Meso-
zoic to Tertiary calc-alkaline igneous rocks. The igneous
rocks intrude and overlie metamorphic rocks of uncertain age.

The oldest rock units in this belt are metasediments,
and granite and diorite gneisses comnrising the Yukon group.
The oldest members of this group, which are possibly Cambriaﬁ
or older in age (Bostock, 1936), consist largely of quartz-
mica schist, Hornblénde schist with lesser amounts of gquartzite,
gneiss and limestone. Succeeding these are a similar series of
Palaeozoic schists, QUartzites, limestone and greenstones.
Bostock (1936) believes both members were cut by granite and
diorite gneissés which were metamorphosed at tﬁe same time as
the sediments.

The Yukon group is overlain by the Triassic, Lewves
River series, Jurassic Laberge séries and the Jurassic-Creta-
ceous Tantalus formation. These are mainly clastic séquences
of shale, conglomerate, limestone, tuffaceous sandstone and
minor coal measures. Thése rocks are not found in the map
area.

Unconfofmably overlying the Yukon group in the map area
is the Mount Nansen groﬁp. The rocks of.this group include
pbasic lecanic lavas, ranging in composition from basalt to
dacite. Also inclﬁded in thils group are flow breccias, tuifs,
small areas of sediments, and small dioritic bodies, associated

with the lavas. The volcanics in the map area are predominantly



of the Mount Nansen group and are typically porphyritic
andesite. The Mount Nansen group is considered by Bostock
(1936) to have formed in laté Jurassic or early Cretaceous
time.

The Mount Nansen volcanics have been invaded by a
succession of Mesozoic plutonic rocks contemporaneous with
the Coaét Range intrusives. The intrusives trend northwest-
southeast and emplacement is probably related to a regional
scale, tectonic'feature. They are composed of a great §ariety
of rock types ranging from diorite to syenite and granite.
Diorites are thought'to be the oldest of the intrusives
followed by Syepites. The most extensive intrusions and
probably the youngest of this group are rocks of a granodiorite-
adamellite composition. These latter granitic rocks make up a
large portion of the thesis area.

A final period of intfusion‘took place in late Creta-
'ceous to early Tertiary time. Small hypabyssal stocks were
formed and appear spatially related to the granitic.intrusives
of the main Mesozoic batholithic event. Most of them are fine
to medium grained, porphyfitic{ acid rocks:; largely quartz
porphyry, granite porphyry, or granophyre with some rhyolite.
A composite intrusion of this age'ié centrally located in the
‘thesis area surrounded by outliers of rhyolite,

The youngest rocks in the region are the Carmacks.
volcanics. The lavas are mainly andesites, but range in
composition from basalts to dacites, trachytes and rhyolites

(Bostock, 1936). These plateau basalts unconformably overlie
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all the older formations. The Carmacks volcanics are not found

in the thesis area and have been completély eroded exposing

many of the described rock units (Figure 2).

-Mineralization

Most of the mineralization found in the Dawson Range
is thought to be related tc the late Cretaceous-early Tertiary
acid, sub—volcaﬁic intrusives. Placer gold deposits now of
non-economic quantities are found in streams leading off the
stocks. Nansen C:eek and Back Creek have been wérked for.gold
since 1910 (Céirﬁes, 1914). <Canadian Creek leading from the
Casino stock, some 65 miles to the horthwest of the Nansen area
was staked for placer gold in 1911 (Cairnes, 1917).

Pb~Ag-~Au vein deposits, such as those found zonally
around the Casino stock are thought to be genetically related
to the early Tertiary intrusives (Godwin ana Phillips, 1970).

Porphyry copper type mineralization is also being
aétivély looked for in areas where thesé stocks have been
exposed. Sinée most of:the Dawson Range has not been glaciated}
suéergéne enriched zones can be expected. The Casino deposit
‘and the Williams Creek prospect (Abbot, 1971), 24 miles north-
east, are examples of porphyry copper mineralization located

in the Dawson Range.






ROCK UNITS

Field !Mapping Procedure

Outcrop in the Mount Nansen area is less than 5%.
Float had to be mapped as representative of bedrock to a large
extent. Road cuts and old slumped trenches gave some added
control. The main variables considered when mapping float
were:

a) angularity of float sample

b) size of float

c) abundance of rock ﬁype

d) grade of slopes

e) occurrence of rock type uphill

f) disappearance of rock type on uphill grade
Rock typé was obscured in all valley floors due to downslope
soclifluction Qf ridge rocks, and mapping in these areas was
merely conjecture.

Faults and/or fractures were located by geophysical,
geological and air photo data. Several zones of fault gouge
and shearing were noted and these are shoﬁn as being defined
fractures on the accompanying map. There was not enough
geological control to map offsets.

Twelve distinct rock types weré observed in the Mount
Nansen area and their descriptidn and distribution follows.
The rocks are described in probable order of decreasing age.
Following the descriptioh of the'rocks,'an inferred strati-

graphic order and interpretation is presenfed.
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Lithologies and Petrology '

Yukon Group Metamorphics - Unit 2

The Yukon group is of uncertain age but.is generally
considered early Palaeozoic or Precambrian. The group comprises
the only metamorphosed rocks of the area.

Exposure of the Yukon group metémorphic rocks is
limited in the map area, although they crop out over a con-
siderable aréa just to the south. A small sub-circular window
of metasediments is exposed, probably as a result of block up-
lifts in the volcanic cover south of Discovery Creek. The
float in this exposure is predominantly hornblende gneiss and
metaquértzite. They are high grade, regionally metamorphosed
rocks with é sedimentary origin.. The hornblende gneiss has
dark green, hornblende rich layers (1 - 2 mm thick); alter-
‘nating with white felsicilayers (1 ~ -2 mm thick).

Observed under the microscope, the dark green layers
consist of euhedral hornblende (1 mm) and plagioclase (An3o).
The white layers consis£ of fine gfained qqartz, blagioclase
and some potash feldspar. The metaquértzite is cream-white
coloured, aphanitic and structureless.

No idea of 'the regional structure of these rocks could .
be gained. Bostock (1936, p. 17) beiieves that the trend of
folding in thevMount Nansen area is north 60° east with strata

kdipping up to 30°.
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occur as flows and cover much of the underlying Yukon group

and later extrusives. Hornblende monzonite porphyry occurs as
a sill and dykes. Dykes of this unit trend north'and north-
easterly. The aﬁthor believes they represent feeder dykes to
the extfusives, because of thin close spatial and compositional
relation. DBostock (1936) believes this group to have formed
during iate Jurassic tb'early Cretaceous time.

Unit B is andesite flow breccia and is found south of
Discovery Creek. It is composed of fragments of Mount Nansen
andesite and minor Yukon group metamorphics, in an aphanitic
andesite matrix. Fresh surfaces are dark grey-green while
weatﬁered'surfaceS'are light grey-green. Fragments are usually
distinguished from the matrix by being darker in colour. The
lithic fragments are commonly of‘pebble size (4 mm - 64 mm),
but may be larger. Tollowing Krumbein (1963, Appendix 1), the
fragménts usually are subangular having a sphericity of 0.7 and
a roundness of 0.3. The individual fragments afe rarely
touching each other. Andesitic matrix makes up most of the
rock.

Thin section examination of typical andeSite flow
breccia reveals porphyritic andesite fragments in a micro-
crystalline matrix of andesite composition. The fragments
are composed Qf plagioclase (An30-40) and hornblende that
frequently has been replaced by‘clinozoisite and chlorite,

The plagioclase phenocrysts average 0.5 mm in length. Micro-
lites of plagioclasé and secondary minerals after the mafics

form the groundmass of the fragments.
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The matrix of the rock is microérystalline. It is
commonly composed of plagioclase, ilmenite, leucoxene, chlorite,
epidote and possibly remnants of pyroxene.
| Unit C is typically porphyritic andesite, but minor
basalt is included in this unit. The andesites are dark green
coloured and speckled with white plagioclase phenocrysts on
. fresh surfaces, while bleached greenish-grey on weathered
-surfaces.

A microsc0pic investigation reveals that the :

porphyritic andesites are composed of plagioclase (An ),

30-40
hornblende and magnetite (3%).

Plagioclase, commonly 1 mm. in length, is typically
saussuritized, broken, and exhibits normal oscillatory zoning.
Sericite commonly flecks the phenocrysts in rock samples
located near later intrusions. Plagiqclase phenocrysts form
approximately 40% of the rock. Anhedral hornblende, some
possibly a replacement product of pyroxene, has altered to
aggregates of green biotite'and in some instances chlorite,
epidote and maghetite. The microcrystalline matrix is

composed of anhedral plagioclase, chlorite, epidote and horn-

blende.
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microcrysfalline greyish white matrix. The rock is moderately
magnetic. Weathered surfaces are thinly coated with.reddish
brown, hematitic limonite, which is a result of the oxidation
.of magnetite, |

Examinatidn of several thin'sections showed this
porphyritic rock to be composed of andesine (30%), potash
feldspar (35%), hornblende (15%), and minor quartz (5%).
Commonly, chlorite, epidote, biotite, apatite, and hagnetite‘
are found as accesSory minerals and deuteric alteration
products.

Euhedral hornblende phenocrysts are often twinned,
have an extinction angle (cAZ) of 180, and a pleochroié scheme
of deep green (Z) to pale green (X). The hornblende is usually
altered'(up.to 50%) to chlorite, epidote and magnetite. 1In
one section (C-83) hornblende is being replaced by a felty

mass of.greén biotite. Plagioclase (An ) phenocrysts are

45-55
generally subhedral and broken. They are locally normally
zoned and commoniy saussuritized to a mixture of albite,
epidote, and chlorite. The microcrystalline matrix is made

up of interstitial potaﬁh feldspaf and small amounts of quartz.
Myrmekite is found marginal to the potash feldspar in one

section and is probably due to a late magmatic replacement

reaction of potash feldspar (Williams 1954, p. 20).






23

Two disfinct rock types form a northwest trending
batholith in the central thesis area. These are hypersthene-
quartz diorite (E) and quartz monzonite (F). Unit E is‘found
as small.irregular bodies peripheral to Unit F. Although no -
contacts were observed in the field, several float samples
with quartz monzonite intrusive into hypersthéne-quartz
diorite were found, indicating the quartz monzonite (F) is
the younger unit.

Unit E is a hesocratic, fine to medium grained, equi-
granular hypersthené-quartz diorite. It is recognized in the
Mount Nansen area by being highly magnetic, non-porphyritic
and fine to medium grained.

The rock exhibits a fine grained hypidiomorphic-
granular texture in thin se;tion.‘ Mineralogy of the rock is
andesine (50%), potash feldspar (10%), biotite (10%),
hypersthene (10%), and hornblende (10%). . Accessory minerals
are magnetite (2%) and minor apatite. Common deuteric altera-
.tion minerals include biotite, chlorite, hornblende and actino-
lite.

40-44) 1S typically subhedral and

broken. Some of the smaller laths are normally zoned. Larger

Plagioclase (An

plagioclase crystals measure up to 1 mm. HyperstheneAcrystals
(1 mm) are éharactérizeé by their pink pleochroic scheme and
parallel extinction., Iﬁ most sections examined, hypersthene
is being replacéd extensively by actinolite. Actinolite has

a fibrous habit where it replaces the orthopyroxene along

fractures. Two biotites are commonly present, one primary






25

Under the microscope the quartz monzonites have a
hypidiomorphic-granular texture and are composed_éf andesine
(40%), orthoclase (20%), quartz (15%), hornblende (10%),
biotite (5%), and minor zircon. Common secondary components
. are magnetite, sphene, chlorite,'epidote, and.sericite.

Locally the amounts of quartz and biotite are variable. Quartz
in some samples ranges up to 25% of the volume of the rock.

There does not appear to be any distinct zonal trend. Some of
the more quartz rich samples were 1located several thousand

feet away from the acid porphyritic units that will be described
next. Locally, the biotite/hornblende ratio- changes drastically.
In general, biotited>hornblende north of the East Fork while
hornblended>biotite in the quartz monzonites exposed to the

south of Discovery Creek.

Plagioclase (An32_4o) is subhedral and some of the
larger crystals show normal oscillatqry zoning. Euhedral
biotite is strongly pleochroic. Hornblende is light green,
euhedral and has an extinction angle (cAZ) of 18°. Quartz
- and orthoclése'are interstitial to all other grains. Most
of the quartz monzonites have been propylitized due to their
spatial relation with hydrothermally altered porphyritic
intrusives. Alteration will be described in detail in a

later section.
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‘also occurs as several small plug or dyke-like bodies which
appear to cut all the earlier rock types, although no contacts
were found in the field. Unit J is quartz-feldspar porphyry.
This rock type is focund only as dykes. The dykes cut the
Mount Nansen volcanics and trend north and northeasterly.
Extrusive rhyolites, and rhyolitic tuffs exposed in thg afea
are probably a sﬁrfacé expression ¢f this hypabyssal icneous
activity. Porphyritic units are often so intensely hydro-
thermally altered, one rock type cannot be determined from
another.

Porphyritic dacites from the Casino depbsit compé}éblé
in texture and mineralogy to the rhyodacite porphy;y have been
dated by K-Ar methods at the University of British Columbia.

A Palaeoéence age of €9 3 my. was obtained for one sample
while a‘édarser~grained'variety yielded a late Cretaceous age
"of 71 ¥ 3 my. (Phillips and Godwin, 1970).

Unit G is.a leucocratic, medium-gfained, granular,
biotite;éuartz monzonite. IHinerals easily identified with
the unaided eye~éfe blégioclase (2 - 3 nm), quartz (1 ﬁm),

- potash feldspar (l'mm), and biotite (1 mm). _Plagioclaée
crystals tend to be porphyritic; A finer grained cream
coloured groundmass makes up about 25% of the total volume
of the rock... The rock is diétinguished in the field by its
apparent lack.of prominent quartz phenocfxsts and a "salt
andrpépper“ appearance caused by an regular distribution of

biotite.
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Unit H is found along the banks of Eva Creek., It 1is a
cream white, quartz monzcnite porphyry, with a microcrystalline
-matrix that makes up 50% of the total rock volume. This quartz
monzonite is probably closely associated with Unit G. However,
unlike the biotite-quartz monzdnite, it has large rounded
quartz phenocrysts (3 - 5 mm) and a greater amount of matrix.
Weathered surfaces are usually thinly stained with a mixture
Qf jarosite and goeﬁhite and the feldspars are often washed
out. The rock becomes gradationally fine-grained to the west.
Examination of several thin sections of thié rock type-
showed it to be compésed of oligoclase (20%), orthoclase (50%),
quartz (20%), and chlorite (10%). The chlorite has replaced
biotite and probably minor hornblende. Accessory minerals are
pyrite and apatite.i Common products of hydrothermal'alteration
are chlorite, leucoxene, epidote, and sericite. Jarosite is
found as.$ supergene mineral rimming pyrite. Plagioclase'
(An, e 45) is‘typiéally subhedral and flecked with sericite.
Quartzlphenocrysts are fractured, resorbed and some show faint
overgrowths, Orthoclase is anhedral to subhedral and commqniy
poikilitic. Leucoxene (bright white under reflecting light)
is always associated with chlorite. The microcrystalline

matrix is predominantly potash feldspar.
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Unit J is a quartz-feldspar porphyry. This rock is |
found as narrow dykes cutting the Mount Nansen andesites in
the northern and western parts of the area.

The quartz;feldépar porrhyry is composed of rounded,
fractured quartz phénocrysts (2 mm), white plagioclase pheno- -
crysts (2 mm), and finer-grained, bright green, chloritized
mafics, set in a purplish microcryst&lline matrix. The matrix
makes up at least 50% of the rock. The weathered surface is
reddish brown. Feldspar phenocrysts are commonly completely
weathered out.

Under the microscope the rock is composed of potash

feldspar (50%)

plagioclase (20%), quartz (15%), chlorite (10%),
and epidote (5%). Acceséory minerals include apatite (1%) and
opaques (1%).

Phenocrysts of plagioclase and quartz are subhedral.
Cdmmonly the plagioclase is extremely dirty looking and is
probably replaced by clay. Quartz has a square habit suggest-
ihg a B-quartz crystal structure. All mafics have been’
completely replaced by chlorite and epidote. These minerals
appear pseﬁdomorphic éfter biotite. Apatite is typically
euhedral. The microcrystaliine matrix of this unit is

completely'potash feldspar.
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Large amounts of pyritized, granular fault gouge were found
200 feet west of the largest and centrally located tourmaline
breccia body. However, unlike the highly altered breccia
fragments, the gouge grains show little evidence of hydro-
thermal alteration. Feldspar grains are unaltered. Fragments
within the breccia show little'evidencé of cataclastic shear-
ing. These facts indicate the fault is not related. to the
‘genesis of the breccia. Both the faulting and brecciation
suggest a zone of weakness in this area.

Cther non-toufmalinizéd breccias may occur in the area.
of léte stage porphyry intrusions. Three silicified dome
st:ucturésAtrendiﬁg north-northwest wiﬁhin the porphyry area
may indicate brecciation at levels not exposed. »Sam§le D-90
taken from the west. flank of the largest of these structures
is.composed of a high percentage.of fractureqd, angul;r quartz
grains and may be a microbreccia. However, no fragment out-
lines cou;d be distinguished in hand specimen or thin section.

The tourmaline breccia consists of intensely altered
fragments of rhyodacite.porphyry and possibly some quarté
monzonite, in a black coloured matrix of‘quartz and tourmaline.
Fragments range in size from granules (4 mm) to cobbles (256
mm). Larger fragments are angular to subangular. Following
Krumbein (l963,lp. 111, Appendix I), these larger fragments 
have an average sphericity of 0.5 and a roundness of Q.l.' The
granules are often quite rounded and commonly surround larger
fragments. Feldspar phenocrysts within the fragments have

beer. altered to sericite. Box works after sulphides within
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Stratigraphy and Interpretation

The rock units in the preceeding section have been
described in a probabie ordér of decreasing age.

The Yukon group forms the basement in the Mount Nansen
area. The group is composed wholly of metamorphics. Horn-
blende gneiss and metaquartzite is exposed in a window south
of Discovery Creek. These rocks are of sedimentary origin.
although the group also contains members of possible igneous
or volcanic origin. Bostock (1936) places the Yukon group
in age from Precambrian to pre-Triaésic.

Following the polyphase deformation of the Yukon group,
the Mount Nansen volcanics were extruded. In the Mount Nansen
area the volcanics form a thick cover of andesite flow breccia
and porphyritic andesite. The breccias were formed early in
this stage of volcanism as they sometimes contéin fragmeﬁts'of
metamorphics along with more typical, porphyritic andesite
fragments. The petrography of a hornblende mouzonite'pdrphyry
sill and dykes suggest this unit is genetically related to the
volcanics. Quartz is almost completeiy absent in this rock.
The sill and dykes are found at the northwest corner of the
map and may represent a feeder-dyke system. The HMount Nansen
group has been restricted to late Jurassic—eafly Cretaceous by
‘Sostock (1936). Cairnes (1915) found evidence that some of the
volcanics were younger than Cfetaceous sediments,

The two groups are intruded by a batholith of hypers-
thene-quartz diorite and a more areally extensive unit of

quartz monzonite. The hypersthene-quartz diorite is found as
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small, irregular bodies peripheral to the quartz monzonite.

Volumeﬁriéally, quartz, hornblende and biotite vary locally
within\the quartz monzonite unit. Several float samples show
-the diorite unit has been intruded by the quartz-monzonite,
_4presumably at a lower tectonic level. However, these two
units are probably comagmatic. K-Ar dating of graﬁodiorites
from the batholith, has given a mid—Cretaceoué age of 97 A
my. (Findlay, 1969). The samples were obtained 65 miles north-
west of the Mount Nansen area. This batholith can be corre-
lafed with the Coast Range intrusives.

The youngést rocks in the area are an acid, pérphyritic
suite with spatially associated rhyolites. Three petrographic-
ally distinct ﬁorphyries form a northwest trending elongafe
stock which is spatially related to the batholithic rocks.
'Thié_relétion agéin suggests comagmatism. A biotite-quartz
monzonite phase and a quartz-monzonite porphyry phase are
exposed peripheral to a central core zone of rhyodaéite
porthry.:}The biotite-quartz monzonite is characferized by
abundant, regularly distributed biotite, minor plagioclase
phenocrysts and lack of quartz phenocrysts, which are
ubiquitous to both the other porphyry units. The quartz- -
monzonite porphyry is distinguished by large resorbed quartz
phenocrysts, plagiocla#e pbénocrysts, a light cream groundmass.
and only minor mafics. Thé rhyodacite porphyry is character-
ized by resorbed quartz phenocrysts,.plagioclase phenocrysts
and large orthoclase phenocrysts. The matrix of this rock is

light grey, contains less potash feldspar and is finer-grained
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than the presﬁmably earlier phases. The rhyodacite porphyry

probably was intruded later and at a higher tectonic level
than both other pﬁases; This h?pothesis is consistent with
grain-size cdmparison and K-Ar age dating Qf‘a similar stock
at the Casino deposit. Here, a fine-grained porphyritic
dacite yielded a Palaeocene age of 69 ¥ 3 my., while a late-
Cretaéeous age‘of 71 ¥ 3 my. was reéorded for a coarsér—grained
variety (Godwin, 1970). These relative ages may be significant
with regards to a quickly rising magma. “

Quaftzefeldspar porphyry dykes are mineralogically
related to this period of intrusion. They are characterized
by quartz and.plagioclase phenocrysts in a microcrystalline
matrix consisting almost totally of potash feldspar. The
dykes-trend north and ndrtheést, énd are often found alongside
.dykes of hornblehde ménzonite porphyry, possibly following the
sahe structural weaknesses. The quartz-feldspar porphyry
dYkes may répresent radial dykes to the'po;phyry intrusionsf

Outliers of rhyolite and ;hyolite fﬁff crop ouf withih'
the area. They are probably related tc the hypabySsai acid
suite described aboVe., There is a suggestion of rhyolite
porphyry interbedded with Mount Nansen andesites at the south-
west edge of the map. Here andesite may overlay fhyolite.
The rhyolite unit has been placed in the Teftiary by both
| éairnes (1915) and Bostock (1936). Hence Mount Nénsen
volcanism méy have also extended into Tertiary time.

At least one period of hydrothermal acﬁivity and

associated brecciation has occurred after the emplacement of
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the stock. Two zones of breccia COnsisting ofArhyodacite
norphyry fragments cemented with a quartz-tourmaline matrix

and one breccia of rhyodacite and Mount Nansen group fragnents
cemented with a siliceous matrix crop out in the area. Aall

the breccias are associated wifh lineaments. The two tourma--
line breccias appear to befwithindthe boundaries of the
composite porphyry'stock. ~The brecciated body containing

both porphyry and Mount Nansen group lava‘fragments is probably
a nearer surface expression of the same process that formed

the tourmaline breccias.

Several mcdels for the formation of breccia zones have
been advanced in recent years, primarily because of their
_association with economic mineralization. Of 27 porphyry
copper‘deposits studied by Loweil and Guilbert (1970), breccia
pipes were present in 20 and mineralized in 18 deposits.

| Sillitoe and.Sawkins (1971) in a recent paper have
postulated, fluid corrosion and subsequent collapaé as a mcde
of formation for many of the Chilesn tourmalinized breccia
pipes. Fluid incldsion studies indicated pipe genesis
occurred 2 - 3.km. below the then existing surface. The fine-
grained matrix of the fragments within the Mcunt Nansen
tourmaline breccias may indicate a hignér level of formation.

Collapse consequent on release of supporting magmatic
'pressure has been advanced by Perry (1961) as another method
of brcccia formation.. The relatively smallvsize of fragments
found in che tourmaline breccia of the Mount Nansen area is

probably not compatibie with this hypothesis.
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The tourmaline breccias are not believed to be fault
breccias'although lineaments are associated with them. The
absence of fragments showing shearing, the equidimensional
plan of exposure and finer fragments associated with larger
fragments are not éharécteristic of fauit breccias.

White, et al (1957) have hypothesized that the
tourmaline brecciés of the Highland Valley area are caused by
explosion in the lower part of volcanic structures. They
propose that the pressure of volatiles in a cupola exceeds
the confining pressure, and that the resultant explbsions
fragment the rock. Gases or supercritical fluids escape
through breccias, locally entraining and redistributing fine
matrix material, but not apparently rounding the larger
fragments. |

In the Mount Nansen area extensive hydrothermal
alteration and outliers of rhyolite tuff that are associated
with the hypabyssal porphyry intrusion; sugges£ this ekplosive
mechanism as being the most favourable for the developmeht.of
the breccias. Hydrothermal fluids streamed through these
newly formed breccia bodies and adjacent fissures causing the

alteration mineral zoning that will be described next.
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ROCK ALTERATION

Foreword

For an alteration zoning study it is necessary to
obtain an assemblage of alteration minerals from eéch sample;
Some alteration miner;ls; such as clay, can occur in several
zones and are not diagnostic. By identifying a group of
minera;s with the same stability relationships, a zone can
be determined. The rocks within a given zone can be inter-
preted as having undergone the same chemical changes.

Surfacé rock alteration in the Mount Nansen area is
pervasive and a zone will implyAa scale of several hundreds
of feet.

Alteration minerals were identified by prepariﬁg 33
¥X-ray diffraction traces of feldspar phenocrysts, examinration
of 40 thin secfiohs and field mapping. |

‘For ‘all X-ray diffraction traces, CuKe< radiétion was
used. First order 7;16—7;17 g peaks'were taken to représent a
kaolinite group mineral while first order peaks of 9.98-10.1'2
were fhought to represent muscoviﬁe basél spacings.

Three samples showing kaolinite group mineral peaks
were heat treated to test the validity of this assumption.
Slides of samples D~97, 2-300, and 2-360 were heated for 8
hours at a temperature of 550°C. The presence of a kaolinite
group mineral was confirmed in al1 three samples by the
Adisappearance of the 7 2 peak. The muscovite peaks were
unaffected. Kaolinite will be used to mean a kaolinite group

mineral for the remainder of this discussion.
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Alteratioﬁ Types

Several types of rock alteration have probably occurred
in thé Mount Nansen area. They are deuteric, supergene and
hypogené. - The term deuteric alteration implies alteration in
én igneous rock produced during the later stages of, and as a
direct consequence bf, the consolidation of magma or lava.
 The term discriminates such alterations from the more strictly
secondary changeé due to a'later or hypogene period of altera-
tion. Hypogene alteration is éaused by an influx of high
temperatdfe solutions into crystaliizedvrock usually at depth.
The term supergene alteration denotes rock alteration caused
by weaﬁhering and related near surface processes involving
. solutions of nearby surficial origin. Acid solutions derived
- from the oxidation of iron sulphides play an important rdle .
‘in ca@siﬁg supergene alteration.

The.alteration minerals and mineral assemblages formed
by these.various processes are often the same. Distinction
between these alteration types is ndt-easy (Rose, 1970:; Meyer
and Hemley, 1967; Schwar£z, 1956) and, in fact, is impossible
in 'the Méunt NanSen area at this stage of surface study.
However, some qualitative assumptions can be made about the
extent of the three types. The discussion to foilow is
concerned mainly with hypogene alteration but the effects of
deuterié and supergene alteration will be mentioned where

involved. ' -
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Alteration Zoning

Studies of minerélogical zoning suggest there are at
least four and probably five hypogene alteration’assemblages
discernable in and around porphyfy copper deposits. The terms
_potassic,;adVanced argillic, phyllic, argillic and propylitic
have been used by Meyer and Hemley (1967) and by Meyer, Shea
and Goddard (1968) to describe various alteration zones
characteriéed by a particular mineralvassemblage.

Potassic zones commonly include the assemblage potash
- feldspar, biotite, magnetite and anhydrité. An advanced
.argillic zone is distinguished by the assemblage, quartz,
sericite, tourmaline, kaolinite, pyrophyllite and.dickite.
Phyliic zones are distinguished by the mineral assemblage,
cquartz, sericite and pyrite. Quarfz; kaolinite and mont-
morillénite group minerals are predominant in thé argillic
zone. .Finaily, propylitié zones are characterized by the
assemblage{ chlorite, epidote, carbonate and albite. These.
zones have been found to grade into each other. Commonly>
the potassic or advanced argillic zone is found closest to
the heat aﬁd solution source. Phyllic, argillic and»propylitic
assem»lages are found in that order out from the more intensely
altered core zone. The repeated appearance of these specific
mineral assemblages suggest repetition of similar physicals
chemical conditions especially when coupled with the fact that'
the altered parent rock of most porphyry coppers is of the |

same composition (Creasey, 1966).
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Four shrféce alteration zones with characteristic
mineral assemblages were separated in the thesis area. These
zones are naméd advanced argillic, phyllic, argillic and pro-
pylitic. Phyllic and argillic alteration is by far the most
widespread. The hydrothérmal system was centered in the middle
of the coﬁposite porphyry stock. Two quartz-tourmaline
breccias, and several other silicified domal structures appear
to be the centres of hydrothermal emanations. Advanced
argillic and phyllic alteration are characteristic of these
areas. Less intense, argillic and propylitic assemblages can
be found in roughly concentric zonés around these cenﬁres.

The main parameters that have controlled the altera-
-tion pattern are believed to be:
| 1) post—alteration faulting

2) changes in wall rock cbmposition

3) frequency of gﬁiding fractures

4) progressive changes in composition

of hydrothermal fluids from source
outwards

Pﬁst—alteration faultingvhas occurred_along the Wheeler-
Fault. An intense phyllic zone exposed south of the‘Fadlt ends
abruptly against it. ©North of the Fault rockg arernly
slightly altered tova propylitic assemblége. The'extension
of the phyllic zone could not be locatéd. It may have been‘
offset left laterally to the topographically low Summit Cfeek

area.
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Rock composition has only affected the ring-like

pattern where the hydrothermal fluids have passed through
basic, volcanic rocks. For example, at the headwaters of
Courtland Creek, a phyllic alteration of pbrphyry intrusives
changes immediately into a propylitic assemblage at the contact
with andesites. Fractures witﬁin the andesite are filled
with epidote. The similarity in chemical cbmposition of the
early-Tertiary porphyry intrusives and the surrounding
qua;tz monzonite batholithic rocks has not affected a con-
centric zonal pattern of alteration mineralsf
The freQﬁency of guiding'fractures for channelling the

: hydrothermal.fluids'has played an important role in localiiing
hydrothermal activity. At least four central or cbfe zones
exist where hydrothermal fluids have been channelled in larger
amounts by fractured énd brecciated areas, then peneyrated
equivalent volumes of rock elsewhere. The two breccia pipes
have an advanced argillic mineral assemblage and are sufrounded
successively by phyllic and argillic halos. At least two other
core areas exist. These are areas of intense phyllic altera-
tion surrounded by argillic ahd propylitic assemblages. All
the hydrothermal alteration centres are characterized by silica
in excess 6f what could be expected from the breakdown of
silicates. These silicified‘areas are topographically
anomalous. Centres of hydrothermal activity are shown‘on the
map (Appendix 3).

| Of course, the main parameter of mineral zoning must

‘be the changing.compOSition of the altering fluids. Zones
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reflect the extent of hydrolitic decomposition of the silicate

host rocks by the hydrothermal fluids (iHemley and Jones, 1964).

This will be discussed in the section on chemistry.

Description of Alteration Zones:
Advanced Argillic

Within the'Mount.Nansen stock, the advanced argillic
zone is characterized by the mineral assemblage; quartz,
tourmaline, sericite, minor kaolinite and possibly apatite.
Oniy the tourmaline breccia bodies are found to have this
assemblage. Tourmaline is the only mineral ﬁhat distinguisheé
this group from phyllic alteration. It is possible*that more
than.one period of hydrothermal alteration has occurred to
produce this advanced argillic assemblage. |
| | Thé matrix of the breccia is composed solely of quartz,

tourmaline and poésibly minof'apatite. ‘The rhyodacite porphyry
fragments have keptvtheir original porphyritic texture. Feld-
spér phenocrysts Withiﬁ the fragments have been pseudo-
morphically replaced by guartz and sericite. Quartz pheno-
crysts within the fragments remain unaltered. The groundmass
of the fragments is a mixture of quartz, seficite and minor
kaolinite.

Sulphides'may have’ also been.included,in this
asSemblage. JaroSite thinly coats most of the cavities in the
_bréccia. Jarosite wili precipitate from the oxidafion of iron
sulphides in a potassium rich, acidic environment {(McKinstry,
1948, p. 255). The potassium is available from the sericite

gangue.
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including sericite will alter to kaolinite under supergené
conditions, sericite was identified as hypogene in the Mount
Nansen stbck. This assumption is reinforced by the,fact‘that
x—rayAdiffraction traces showed sharp sericite peaks; indica-
tive of an ordered crystal structure. Disordered crystal
structures. are commonvwith minerals of a supergene origin,

Secondly, éroviding the sericite is hYpogene, how
extensively has iﬁ been replaced by kaolinite? A supergene
origin for clay is now widely accepted. Hemley and Jones (1964)
state that under supergene conditions most silicate minerals
will tend to alter directly and completely to kaolinite.
Garrels and Howard (1959) have shown that at a temperature
of 25°%C énd 1 atmosphere pressure, high ol promotes the replace-
mént of mica and potash feldspar to clay. These conditions
are exactly those found in the near surface oxidized zones of
porphyry copper deposits.

Widespread supergene kaolinization of silicatesris
suspected in the Mount Nansen area. All the feldspar pheno-
crysts of porphyritic rhyolite for example, have'been |
qcompleteiy replaced by kaolinite. The rhyolites crop out
severai miles éwayvfrom centres of hydrothermal.activity.

Economically, the quartz-sericite-pyrite or phyllic
zone is of great importance and thus its delineation is also
6f importance. Tﬁenﬁy-five of.twenty-Seven porphyry copper
deposits of tﬁe southwestern United States, studied by Lowell

and Guilbert (1970, p. 401), have a quartz-sericite zone.
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This zone is found to be the chief cre bearer in most deposits.

Sericite must be'used as the key indicator for a phyllic
élteration zone. FelGSpar phenocrysts with greater than iO%
sericite development were considered to exhibit phyllic altera-
-tion in the Hount Nansen stock alteration pattern. The cther
90% may or may not be kaolinite. However,'it éhould be pointed
out again that most of the phyllic zone is compoéed of quartz
and sericite that has éompletely replaced the feldspars.

Where phyllic alteration has been intense, the rocks are

altered to a fine grain mass of quartz and sericite.

Argillic Zone

The argillic zone is characterized by the altgration
assemblage kaolinite, quartz and minor sericite. It occurs
as a halo around the phyllic zone and is very widespread.

Rocks within this zone always retain their paren£
texture. T[eldspar phenocrysts are usually completely replaced
by kaolinite and quartz. ‘The phenpcrysts are bleached white
and are extremely soft. The matrix is also commonly bleached
and softened to a leéser degree. Quartz.phenocrystS'always
remain unaltered. Limoniticvstaining, commonly goethite,
is found on weathered surfaces of rock fragménts. Sulphides
are typically completely leacﬁed out and only void crystal
outlines remain.

Unlike many porphyry copper énQironments there is no

evidence at surface of an outer montmorillonite sub-zone.
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None of the feldspar phenocrysts x—rayéd showed a trace of
montmorillonite. If there was an argillic montmorillonite-
sub-zone, it is likely that it has been overprinted by.super-
gene kaolinization. Several descriptions of argillic zones
in porphyry copper deposits indicate potash feldspar pheno-
crysts are commonly less altered than plagioclase. 1In the
argillic zone of the Mount Nansen stock all feldspars are
almost completely kaolinized.

The outer limit of the argillic-zone is the first
appearance of mafic minerals; commecnly books of biotite that
have been completely chloritized.

Trhe significance of the argillic assembiage as a hypo-
gene alteration zcne is not known. The possibility that much
of tﬁe kaolinite in this zone,‘the phyllic zone and the advance
argillic zone, has been produced by supergene alteration is
great. However, x-ray traces showed the mineral‘assemblage
quartz-sericite-~kaolinite for feldspar phenocrysts sampled
from é percuSsidn drill hole (CP-2) from surface to a bottom
depth of 360 feet. Kaolinite at 360 feet may indicate that

at least some of the clay has a hydrothermal origin.

Propylitic Zone
The propylitic alteration zone is characterized by
the minerals, epidote, clinozoisite, albite, chlorite,

leucoxene, carbonate, pyrite, and minor sericite and clay.
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Propylitic alteration is a fringe or outer zone and grades
from a rock that has epidbte and carbonate fracture fillings
and bright green chloritized mafics to rocks that look fresh
in the field. Mhin section examination showed all rocks
outside of the argillic altération zone to be propylitized to
some extent. Rocks several miles away from the intensely
altered stock showed propylitic assembléges. Rocks within
a 1,000 feet of the argillic zone showed all mafics to have
been replaced by aggregates of chlorite, léucoxene, epidote
and carbohate or uncommonly biotite or actinclite, Hornblende"
and biotite were probably the original mafic minerals. Plagio-
clase appearing fresh in hand specimen shows alteration in thin
section. Calcic zones are commonly preferentially altered
whether they comprise the cofe of normally zoned crystals or
intermediate rings where oscillatory.zoning has occurred.
Minerals replacing the plagioclase are an albite, epidote,
carbonate mixture or ﬁncommonly clay. Sericite sometines
flecks plagioclase..'Potash feldspar is commonly unaltered.
Unoxidized pyrite is common in this zone. Pyrite
sometimes makes up 10X of the rock's total volume. When
pyrité is oxidized, in this prcpylitic zone, a deep reddish-
brown hematitic limonite forms on weathered surfaces. >Sméll
amounts of hematite were noticed along the banks of Eva Creek.
Most of the propylitic zone is in quartz-monzonite batholithic

rocks.
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The widespread occurrence of the propylitic assemblage
indicates that some.of these minerals were formed by deuteric
ior supergene processes. Where epidote and calcite occur as
fracture fillings to any extent, it is probably safe to con-
clude a hydrothermal origin for that particular propylitic
alteration. 7This fracture filling form of alteration does
occur just outside the argillic zone. Hemley and Jones (1964)
indicate that it is almost impossible to distinguish between
deuteric alteration or igneous bodies, which is characteristic-
ally propylitic and a later incipient propylitic alteration.
For this reason only the inner lihit of propylitic alteration

is shown in the alteration pattern of the Mount Nansen area.

Chemistry

Four alteration zones have been recognized in the
Mount Nansen area. The four zones have been named: advanced
argillic, phyllic, argillic and propylitic. The advanced
argillic and phyllic zones are core areas, surrounded
successively by argillic and propylitic zones. Each zone is
characterized by a specific mineral assemblage. These
differing mineral assemblages and théir zones reflect differing
degrees of hydrolytic decomposition of the silicate host rocks.
More specifically, they reflect the results of reaction of
cation

silicate rocks with solutions in which m
 H

were low, intermediate or high (Hemley, 1964).

activity ratios

Activity can be thought of as concentration, modified

by the effects of hydrothermal fluids and dissolved substances.

-



58

Hydrolysis may be defined as a decomposition reaction with
hydrothermal fluids in which either HY or OH™ ions are consumed
. by silicate minerals which then must release to solution an

amount of cation, chemically equivalent to the quantity of gt

consumed. Hydrolysis then, is simply hydrogen metasomatism
(Hemley; 1964).

The propylitic zohe'is the fringe zone to areas where
more advanced type hydrothermal alteration has occurred. The
mineral assemblage includes chlorite, albite, epidote,
carbonate, leucoxene and minor sericite. Very little hydro-

- lysis hasvtaken place in this zone. Low cation nt activity
ratios are expected. Most of the minerals havé formed by the
hydration (addition of HZO) of biotite and hornblende. co,
has also been added to form carbonates. The K@ released by
the chloritization of biotite, befpre extensive decoﬁposition
of feldspars, probably produced the small amounts of sericite.
This hydroiytic reaction may be represented by the eguation

(Meyer, 1967):

. + . : +2
\ ) T 1w 0 2 .
ZK(Mg,Fe,3A1513OIO(Od)2 + 4H -» A-\hg,Fe)5A1513OlO(OH)8‘+ (Mg, Fe)
biotite : chlorite ‘
+ 2K¥ + 35i0,
. ' cation . .
The equation shows the low I activity ratio character-

. H .
istic of propylitic alteration. This propylitic mineral
assemblage can also be produced by deuteric and supergene
alteration.

The argillic zone is indicative of intermediate hydro-

lytic decomposition of silicate minerals. Kaolinite and quartz
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are the prominent alteration minerals of this zone. Kaolinite:

is unstable above 4OOOC. setting a maximum temperature limit
for argillic alteration (Creasey, 1966). Potash feldspar and
plagioclase have been completely replaced by kaolinite and
quartz within much of this zone. Mafics are absent. The_
boundaries between the argillic and propylitic, and the
argillic and phyllic zones are gradational over several hundred
feet. The kaolinization of plaéioclase, represented by the

equation (Hemley, 1964):

v Si it ; R {011 ok + +2
haZCaAl4918024 + 411 + 2H20-¢-2A12u1205(0h)4 + 4u¢02 + 2Na + Ca
andesine : kaolinite
typifies intermediate--c-:-é‘--t-&--ﬂc—:_--rl actiVity ratios of the hydro-
H

thermal solutions_éndAthe resulting hydrolytic reactions
expected in the argillic zone.

The total replacement of potash feldsbar'by kaolinite
in this zone may indicate extensive supergene formation of
kaolinite. Figure 3'adopted from Hemley and Jones (1964)
shbws the relative stabilities of kaolinite, muscovite and
potash feldspar. Potash feldspar should be stable under the
intermediate hydrolysis expected in the argillic zone. The
fdrmation of kaolinite is seen to be {avoured by low temper-
atures and low alkali ion/d" ratios. This is consistent with
the acidié environment of supergene alteration. Rapid remoVél
of dissolved cations in a supergene 1eachihg environment would
hinder the crystallizatidnbof intermediate products, such as,
sericite. Thus, in a low temperature and low alkali ion/it
environment, most silicates would tend to alter directly and

completely to kaolinite (Hemley, 1964). Hypogene sericite
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may also have been replaced by supergene kaolinite. The
following reaction would exemplify this process:-

: . L+ . +
‘ZKA13513010(OH)2 + 2H . + 3H20 ﬂ>3A1251205(OH)4 + 2K

muscovite . kaolinite

The phyllic and advanced argillic alteration zones are

core zones. Hydrothermal fluids circulating in these areas had

EéEi%E activity ratio. ‘Tourmaline differentiates the
q . . .

advance argillic zone from the phyllic zone The introduction

a high

of boron may represent a separate period of hydrothermal
activity. Sericite, quartz, and minor clay are common to both.
The upper temperature limit of quartz-sericite alteration is
about 625°¢ (Creasey, 1966). 1In these alteration zones quartz
is proseht in greater amounts than could be expectéd from the
breakdown of rock-formipg silicétes. Pyrite was probab;y
included in this alteration mineral assemblage. However,
under supergene attack, iron sulphides have completely altered
to jarosite and‘goethite.

The alteration process of these zones is expressed
&ominanﬁly by the decomposition of plagioclase and orthoclase

and 1s illustrated by the equationé:

) . + et . ot +2
.. < —‘ - r
3Na2CaAl4518024 + 8H + 4K 4hAl3513010(OH)2.+ 6Na + 3Ca
andesine : _sericite
+ lZSiO2
quartz

r br“ _;.- 74 : T ‘ - . i
v 3hAlo1308 + 2H -» hA12A1513010(Od)Z + 2K ,+ 65102

orthoclase sericite cquartz






62

. ‘ o on cation : . .
IIigh temperature and higa — ratios of the altering
H

£lﬁids will cause the above reactions to proceed (Figure 3),
Potassium to produce sericite from plagioclase can be derived
from the hydrothefmal fluids or as shown above by the break-
down of orthoclase. Minor kaolinite is probably derived from .

supergene alteration of sericite.
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INTERPRETATION

Advanced argillic, phyllic, argillic and propylitic
alteration zones have been recognized, with the hydrothermal
system centercd in the early-Tertiary pcrphyry stock. Pre-
alteration and post-alteration fractﬁring and faulting has
occurred. Pre-altération fractures have quided the rock
altering fluids into at least four core areas. Core zones
are typified by mineral assemblages charaétéristic of advanced
argillic and phyllic alteration. The introduction of boron
rich solutions with subsequent Crystallization of tourmaline
may represent a separate period of hydrothermal alteration.
The effect of this period of hydrothermal activitvaould
superimpose itself over an existing patﬁern by increasing the
intensity of alteration. This effect 1is suggested by. the
alteration pattern found at the headwaters of Courtland Creek.
An inferred continuation of the Wheeler Fault has not offset
the alteration pattern around an advanced argillic core zéne.
However, ﬁhe Wheeler Fault does appear to offset alteration
patterns to the east which are characterized by phyllic core
zones. ’Tourmalihization then ﬁéy have been post-Wheeler Fault
while phyllic aiteration core zones are probébly pre—Wheelef
Fault. Conversely the inferred continuation of.the fault may
nbt exist. The continuation of the alteration pattérh north
‘of the Wheeler Foult could not be located. A left-lateral
displacement is suggested by one inferred fractgre offset.

Surroﬁnding the core areas are irregular halos of

argillic and propylitic alteration mineral assemblages.
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Figure 4 shows the mineral assemblages characteristic of each
' +

. ) . K
zone representing an cutward decrease in temperature or -, o°r
H

both, of the altering fluids. Some of the pervasive kaolini-
zation may have been produced byvsupergene alterstion. However,
kaolinite nhas been identified at a depth of 360 feet below
surface suggesting some kaolinite may also be hypogene.

Unlike many alteration zbnes found in porphyry environ-
ments a_potassic core zone, chéractérized by the mineral
assemblage 6f secondary K-feldspar and.biotite, was not found.
The explanation for this lack of identifiable potassic altera-
tion may be due to several factors. Listed in increasing
order of probability, these féctors are:

1) eradication of secondary K-feldspar by
supergene kaolinization

+
2) lack of high, temperature and K ratios in
the altering fluids H : '
3) 1lack of sufficient erosion to expose the

potassic assemblage
The lack of.sufficient_efosion to expose the potassic.assembl-
age is favoured for several reasons. These are:
1) absence of extensive glacial erosibn

2) .breccia zones pfobably represent high
level hydrothermal activity

3) the extensive development of sericite
argues for high X' ratios in the altering
P
fluids . ut

4) the overall zonal alteration pattern is
characteristic of porphyry deposits with
potassic alteration core zones

This level of exposure is diagramatically presented in

Figure 4,
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Factor Analysis of Stream Sediment Geochemical Data
from the Mount Nansen Area, Yukon Territory, Canada
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Heidelberg, Germany
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Vancouvet, Canada

Q- and R-mode factor analytical studies wete made of 158 stream sediment
samples from the Mount Nansen area, Yukon Tertitory, analyzed for Cu, Pb,
Zn, Mo, Ni, Ag, and Sb. R-mode results were mote clear-cut than were Q-
mode in terms of ease of interpreting geological significance of individual
factors, although results of both methods wete very comparable, The 3-factor
R-mode model accounted for 79.9 percent of the variation in the data. Factor
1, 2 Pb—Zn—(Ag) factor correlated with Mount Nansen volcanic rocks and
patticulatly with known Pb—Zn—Ag—Au veins within those rocks. Factor 2,
a Cu—Mo factor correlated with porphytic intrusions known to contain Cu—Mo
mineralized zones. Factor 3, an Sb—(Ag) factor is, as yet, not adequately
explained in terms of geology. The main additional contribution of the Q-
mode study is the communalities. Samples that depart from the norm (i.e.
do not agree well with the 3-factor model) are readily apparent because of low
communalities and must be considered “‘anomalous™ in the general sense

until an adequate explanation for this difference is found.

Introduction

As part of a more extensive exploration pro-
gram, a stream sediment survey was undertaken
duting the summer of 1970, in a 70 square
km area centred near Mount Nansen, Yukon
Territory. The area is at the southeastern end
of the Dawson Range, 150 km northwest of
Whitehotse (Figure 1). A general description
and analysis of the exploration program has
been presented by Branconr and SaAGer
(1971). About 200 stream sediment samples
were obtained during the survey, of which
158 that were analyzed for Cu, Pb, Zn, Mo,
Ni, Ag, and Sb, form the basis of the present
study. Bianconr and Saacer (1971) give a
brief account of analytical procedures and
precision. Precision at the 95 percent confidence
level is between 15 and 25 percent for all
elements except antimony which has a pte-
cision of about 50 percent.

A simplified geological map of the area is
shown in Figure 2. The oldest rock unit known
in the area is the Yakon Group consisting of
quartz-hornblende gneiss, biotite schist and
amphibolite, probably of late Precambrian age.
Ovetlying the Yukon Group unconformably
is a thick sequence of basalt and andesite
porphyties that comprise the Mount Nansen
Group of Jurassic to early Cretaceous age.
Late Mesozoic and Tertiary intrusive bodies
cut the two pteceding groups. Plutonic rocks
are thought to be part of the Coast Range
Batholithic Complex. These thtee major rock
units have been intruded by numerous quartz-
feldspar porphyty masses with circular to
elliptical areas of exposute that range in dia-
meter from 30 to 1500 metres. .

A system of northwest striking, high angle
faults offset the preceding units, and some of
these structures are mineralized (SAAGER and
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Fig. 1. Location of Mount Nansen atea

Brancont 1971) A second, youngef syétem
of high angle faults striking northeasterly cuts
country rock and mineralized veins.

Table 1. Means and standard deviations, arithmetic
and logged (base 10) data

. . Logarithmic

Arithmetic m
Element etic (ppm) (Base 10)

Mean Std. Dev.. Mean Std. Dev.
Cu 33 41 1.302 0.412
Mo 1.9 2.9 — 1.027 2.249
Pb 21 16 1.242 0.261
Zn 55 28 " 1.686 0.232
Ni 8.7 2.7 0.923 0.215
Ag 1.15 0.69 —1.939 0.608

37 2.2 0.100 1.547

Sb

Frequency Distributions

Means and standard deviations for all variables
are listed in Table 1. All distributions were
treated by chi square analysis to determine wheth-
er or not they were approximated adequately
by either normal or lognormal distributions.
‘Using the chi square criterion, we found that

Cu, Pb, and Zn are best approximated by log-
normal distributions, Ag, Sb, and Ni approx-
imate normal distributions, and Mo can be
desctibed equally well by either a normal or
lognormal distribution. Such a procedure as-
sumes that only a single population exists for
each element. To check this supposition,
cumulative probability plots were constructed
(LerELTIER 1969). Considerable evidence ex-
ists that the majority of minor element
populations are positively skewed (e.g. SHAW
1961). Consequently, we were concerned about
the possibility that for any particular element
two or more overlapping distributions, each
positively skewed, might produce what super-
ficially appeated to be a single population with
an apparently normal distribution. Log prob-
ability plots shown in Figure 3 for all seven ele-
ments, indicate the likelihood that multiple
populations are represented by those variables
for which arithmetic data seem to approximate

normal distributions on the basis of chi square

analysis. A more thorough treatment would
have been to group the data on the basis of
rock type predominating in the drainage basins
of each stream sediment sample. This was not
possible in the present case because the number
of samples per group would have been too
small for analysis on probability plots.

Y
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Fig. 2. Simplified geological map of the Mount Nansen area (after SAAGER and

Branconr 1971)

Univariate Analysis

In the foregoing Section we have concluded
that all variables approximate a lognormal dis-
tribution or mixtures of lognormal distri-
butions (see also Brancont and Saacer 1971).

An example is shown in Figure 4 for Cu values
in stream sediments and illustrates the strong
positive skewness.

This univariate analysis proved useful in the
Mount Nansen area in permitting rapid re-
cognition of significant thresholds between
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background and anomalous values. For ex-
ample, in the partitioned probability plot of
Cu (Figure 5), a change in direction of curva-
tute is apparent at the 15 cumulative percentile
indicating the presence of 2 lognormal pop-
ulations. In fact, two ideal populations, A and
B, that mix in the proportions 15 percent A
and 85 percent B, can be extracted from the

atbitrarily chosen range of values, and on this
basis relative priorities for follow-up explo-
ration can be assigned. A formal procedure for
use of probability plots in defining thresholds
and priorities is given by SINCLAIR (in press).
An analysis of this sort, while more refined
than the qualitative subjective approach in
common usage, nevertheless affords an oppoz-
tunity of missing significant anomalies. The
reason is apparent when one considers that a
certain probability exists that some anomalous
values will occur in the range of background
values. At best, these values will be given low
priority for follow-up exploration, and at
worst, they will be ignored. The foregoing is
true even though the greatest care is taken in
sample collection, chemical analyses, data
plotting, and interpretation. One means of
offsetting these difficulties to some extent at
least, is through the use of multivariate statis-
tical procedures. Furthermore, previous un-
published work by one of us (A. J. S.) has
shown that stream sediment anomalies com-
monly are enhanced as a result of certain types
of multivariate analysis. It is for these reasons
that we have undertaken a detailed factor
analysis of stream sediment data from the
Mount Nansen area.

Factor Analysis of Stream Sediment Geochemical Data
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Factor Analysis

An ever increasing literature on factor analysis
suggests that the technique is useful in evaluat-
ing multivariate geochemical data of various
types (e.g. Nicor et a4l 1969; SaaGER and
EsseLaar 1969; Dawson and SINCLAIR, in
press). Commonly it is possible to interpret
the resulting multivariables (factors) in geo-
logical terms, such as processes or types. Thus
one can investigate the extent to which indi-
vidual. samples reflect a particular process ot
end member rock type. The importance of
this potential of factor analysis can be appre-
ciated if one is able to define a factor that relates
to “hydrothermal processes”.

We will make no effort to describe factor anal-
ysis in rigorous mathematical terms. Such a
goal is best served by appropriate texts (e.g.
HarMaN 1960). We are more concerned with
an intuitive appreciation of factor analysis
with minor reference to mathematical aspects.
A similar approach is used by Nicor ¢z 4l
(1969) and SAAGER and Essevaar (1969).

The first essential step in any factor analysis is
to obtain a correlation matrix. In R-mode a
matrix of simple correlation coefficients is
used, whereas in Q-mode a cos theta matrix is
the basis of future manipulations. R-mode
refers to correlations between pairs of variables,
whereas ()-mode deals with correlations between pairs
of sample sites. From this similatity or corre-
lation matrix are extracted the principle com-
ponents, a set of perpendicular axes in n-dimen-
sional space arranged such that variance in the
data is minimized. Any one of these principle
components can be thought of as a multi-
variable since it is nothing more than a line in
n-dimensional space and is therefore a linear
combination of the original variables. Principle
components are rotated according to specific
mathematical criterion such as the varimax
rotation that maximizes the variance, a useful
means of picking out extreme or end-member
combinations to aid interpretation of geo-
logical data. Each axis in this new position is
known as a factor, the significance of which
must be interpreted in light of the particular
linear combination of simple variables that
comprise the factor. In application of factor
analysis to geochemical data, factors commonly
include geochemically coherent elements that

relate to underlying rocks or processes that
have affected underlying rocks.

The relative contribution or importance of
each factor at each sample site can be calculated.
Such values can be contoured to delimit ateas
most affected by processes tepresented by the
factors, e.g. hydrothermal activity, meta-
somatism, etc. For stream sediment data con-
touring is not the best method, and we adopt
here a procedure using graduated circle sizes
to reflect variations in factor values.

We have examined Mount Nansen stteam
sediment data using both R-mode and Q-
mode factor analysis. Out purpose has been to
examine and contrast the usefulness of both
procedures as a general tool in the interpre-
tation of multi-element stream sediment geo-
chemical data.

R-Mode Factor Analysis

R-mode factor analysis examines the relation-
ship among variables by analyzing a matrix of
simple correlation coefficients for all pairs of
variables considered. Standard programs avail-
able at the Computing Centre, University of
British Columbia, were used to carry out the
R-mode factor analysis. A preliminary study
showed that Ni values obscured factor intet-
pretation because Ni was represented as a
small but not completely insignificant com-
ponent of all important factors. Consequently,
Ni values were deleted from further study.
Results are summarized in tables 2 to 4 in-
clusive. Correlation coefficients are given in
Table 2: Table 3 gives the eigenvalues for a
3-factor model, and Table 4 is the varimax
factor matrix.

In Table 4, commanalities represent the pro-
portion of the variation in a given variable
that is explained by the 3-factor model. Noze

Table 2. Correlation coefficients (based on 158 samples)

Cu Mo Pb Zn Ag Sb
Cu 1.000
Mo 0.500 1.000
Pb  0.272 0.220 1.000
Zn 0.047 —0.031 0.733 1.000
Ag 0361 0.196 0.564 0.379 1.000

Sb 0.092 0.199 0.076 0.052 0.268 1.000
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Table 3. Eigenvalues and proportions

Eigenvalues 2.424 1.407 0.961
Proportion of v

eigenvalues 0.404 0.235 0.160
Cumulative proportion

of eigenvalues 0.404 0.639 0.799
Table 4. R-mode varimax factor matrix

Ele- Factor Factor Factor Commu-
ment 1 2 3 nality
Cu 0.16188 —0.86173 —0.01738  0.76909
Mo  0.00589 —0.83989  0.14307  0.72592
Pb 0.90861 —0.20470 —0.00733  0.86752
Zn 090099 0.13360 0.03028  0.83054
Ag  0.65549 —0.31180 0.33563  0.63959
Sb 0.04699 —0.07155 097543  0.95880

that the total explained variance of this model is
79.9 percent. With the exception of Ag, the
unexplained variance is equal to or less than
the precision of analyses at the 95 percent
level, and we conclude that any effort to intet-
pret an additional factor from the data would
not be advisable as it would over-extend the
quality of the data. The table shows further
that each factor consists of significant con-
tributions from certain variables and less
important to negligible contributions from
others. In summary, we interpret Factor R-1
to be 2.Pb and Zn factor -with a lesser but
significant contribution from Ag, Factor R-2
~ as a Cu—Mo factor, and Factor R-3 as an Sb

factor with a minor contribution from Ag. It
is apparent that these groupings-are precisely
what one might expect from a geochemical
point of view. The associations Pb—Zn—Ag,
Cu—Mo and Sb—Ag, ate well established in
the literature on  geochemistry and mineral
deposits. Factor analysis, however, allows us
to calculate a single value for each of these
groupings. For example, instead of a2 quanti-
tative analysis of three separate maps for Pb,
Zn and Ag, we have established a linear
relationship (factor) existing among these
variables and a single map showing telative
amounts of each factor can be examined. Such
maps ate shown in Figures 6, 7, and 8, for the
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three R-mode factors listed in Table 4. These -

maps should be compared with the general
geological map of the region (Figure 2). Sev-
eral points are worth noting:

1. The most pronounced factor R-1 values are
from streams undetlain by Mount Nansen
volcanic rocks, although by no means all
samples from such rocks have high Factor R-1
scores.

2. Many of the high factor R-1 scores.correlate
with known Pb—Zn—Ag—Au vein deposits
such as those déscribed by SAAGER and Bian-
conr (1971).

3. Where several samples have been taken
from one stream, and the upstream sample is
relatively high, the remaining samples give
lower and lower scotes progressively down-
stteam. This compares well with the general
situation for anomalous values of individual
elements and reflects dilution. Some reversals
are present, of course, but these do not seem
to be pronounced.
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4. The samples and groups of samples with
high factor scores correlate well with high
values of the individual variables (Pb, Zn, and
Ag) shown on maps previously published by
Brancont and SaacGer (1971). In fact, virtually -
all anomalous samples on the three maps of
single variables (See Figures 8, 9, and 10,
Brancont and SaaGer 1971) show up on the
factor map but do not show up on every
single-variable map. The factor analysis has
therefore been successful in compressing into
a single map, all the anomalous samples in-
dicated on three, single-variable maps.

5. As a rule, samples noted as anomalous on
single variable maps are enhanced on the factor
map. This is generally true in the situation
where a factor consists of three or more var-
iables because the anomalous sample is com-
monly high in several, though not necessarily
all variables that constitute a factor.

Factor -R-2 is essentially a Cu—Mo factor.
Abundant high values are compared in samples
in the northern part of the study area whose
drainage basins ate partly or wholly under-
lain' by porphyritic intrusions. It was, in fact,
the presence of these intrusions-that lead to
the geochemical survey from which data used
in this study were extracted. One major aim
of the survey was to define exploration targets
for large, low grade Cu—Mo deposits. Addi-
tional exploration has been catried out in the
area since our data were collected and although
results are not generally available for publi-
cation, interesting Cu—Mo mineralization is
known to occur in some of the areas underlain
by porphyry intrusions and having high values
of factor R-2. We conclude therefore that factor
R-2 has provided a useful guide for further
intensive exploration. A comparison of the
factor R-2 map, with Figures 6 and 7 of Bran-
coNI and SAAGeR (1971) for Cu and Mo re-
spectively, lead to conclusions comparable to
those expressed previously in our discussion of
Factor R-1.

Factor R-3 consists essentially of Sb with a
minor contribution from Ag, other elements
being negligible. Consequently, little differ-
ence is to be expected between a map of R-3
values and a map of Sb values. Such is the case
as can be seen by comparing Figure 8 with
Figure 11 of Brancont and Saacer (1971).
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We have been unable to atrive with any cet-
tainty at a conclusion as to the significance of
Factor R-3. Occurrences of Ag-bearing sulpho-
salts are known in the area (SaAAGER and Bian-
cont 1971) but do not coincide with high

factor R-3 values.

Table 5. Varimax factor score matrix, Q-mode

Factor 1 Factor 2 Factor 3
Cu —1.8875 0.8714 0.3393
Mo —0.7677 0.2859 0.5019
Pb —0.8596 —1.2698 —0.4064
Zn . —0.3579 —1.6254 —0.6305
Ag —0.8433 —0.6526 0.7523
Sb 0.5117 —0.7052 2.1199

Table 6. Partial Q-mode varimax factor matrix

Spec.  Commu-  Factor Factor Factor
No. nality 1 2 3

1 0.5233 0.7118 0.0860 —0.0962

2 09259 —0.1770 —0.0651 0.9436

3 0.6403  —0.5732 0.2140 0.5158

4 0.6550 —0.2125 0.6971 0.3520

5 0.8920 0.4443 0.8006 0.2316

6 0.8755 —0.7120 —0.4043 0.4529

7 0.9229 —0.4600 —0.1361 0.8323

8 0.5078 —0.4265 —0.4347 0.3700

9 0.8591 0.6038 0.6746  —0.1986

10 0.8890 0.3314 —0.1942 0.8611

11 0.9485 0.0168 0.9676  —0.1095

12 0.9321 —0.1224 —0.2962 —0.9107

13 0.9625 —0.3963 —0.5073 —0.7403

14 0.8601 —0.5880 —0.5755 —0.4280

15 0.8335 —0.5548 —0.4414 —0.5752

144 0.9536 0.7232 0.4902  —0.4363

145 0.7411 0.8174 0.2216 0.1540

146 0.3028 —0.4625 0.1732 0.2426

147 0.4025 —0.4222 0.1122 0.4601

148 0.9532 0.6583 0.4876 —0.5312

149 0.9008 0.8511 0.2105 0.3635

150 0.9478 0.7269 0.4889 —0.4246

151 0.8031 0.2509 0.7606 0.4020

152 0.8522  —0.5022 0.2877 0.7192

153 0.9566 0.3436 0.8923 0.2057

154 0.3181 0.1461  —0.0932 0.5368

155 0.7961 0.0665 0.8835 —0.1058

156 0.3725 0.2039 . 0.4620 0.3428

157 0.5240 —0.5224 0.3389 0.3690

158 0.9004 —0.2984 —0.8948 0.1035

Variance 31.907 27.532 20.906
cum. var. 31.907 59.440 80.346

Q-Mode Factor Analysis

In Q-mode analysis a similarity measure must
be obtained between samples rather than ele-
ments. This is achieved by measuring the angle
between each sample pair where samples are
plotted as vectors in n-dimensional space. Each
coordinate or dimension represents one ele-
ment. The cosine of the angle between two
sample vectors is a measure of their similarity
and all possible values give the so-called cos
theta matrix.
Principal components are extracted and these
are then rotated according to some mathe-
matical criterion, in this case a varimax ro-
tation. A4 3-factor model summarized in Tables 5
and 6 acconnts for 80.3 percent of the variation in
original data. These 3 factors correspond in a
general way to those obtained by R-mode
analysis, but are less clear-cut than the R-mode
factors. Note the main variables comprising
each Q-mode factor:

Q-1: Cu (Pb, Ag, Mo)

Q-2: Zn, Pb (Sb)

Q-3: Sb (Ag)

It is evident that precisely identical factors have |

not been obtained by R-mode and Q-mode
procedures. There is a general similarity, how-
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Fig. 9. Q-mode communalities

ever, that carries over into maps of factor
values. Q-mode maps are generally similar to
those shown for R-mode results but are slightly
more obscure. The major additional infor-
mation provided by the Q-mode study is a
map of communalities (Fig. 9). This map in-
dicates the extent to which each sample departs
from the general 3-factor model. Samples with
high communalities are well explained by the
3-factor model whereas those of low com-
munality are not. Low communality samples
should therefore be investigated thoroughly to
ascertain why they depart from the norm. Such
samples are anomalous in the general sense of
the word but of course there is no certainty
that they are indicative of mineralized zones.

Conclusions

1. From an exploration point of view, the great
advantage of factor analysis is that the study of
many variables commonly can be reduced to
afew. In the present case, seven initial variables
were reduced to three (e. g. factor 1, a Pb—Zn—
(Ag) factor; factor 2, a Cu—Mo factor; and
factor 3, a Sb—(Ag) factor), of which two
appear particularly important for mineral
exploration (e.g. factors 1 and 2).

2. Factor analysis appears to result in no
significant loss of information. In fact, our
experience suggests that recognition of ano-
malous samples is enhanced by factor analysis.
Consequently it permits recognition of some
anomalous samples that might otherwise be
missed. This is particularly important for
samples within the ppm range of effective
overlap of anomalous and background pop-
ulations of individual variables.

3. In this study, we have found R-mode factor
analysis to provide more easily and reasonably
interpretable results than Q-mode factor
analysis. Inother unpublished studies, however,
(e.-g. Dawson and SiNcrAIR, in press) we have
found the reverse to be true. We therefore urge
caution in rejecting one method in favour of
the other without actually carrying out both
analyses and comparing the results, especially
in regard to the possibility to reasonably inter-
pret them.

16*

4. In this example, Q-mode communalities
appear useful in outlining anomalous samples.
Low communalities represent samples that fit
a general mathematical model for the data
least well. They are therefore different from the
majority of samples and should be examined
for the cause of this difference.

5. Factor analysis is obviously not the solution
to all problems in interpretation of geochemical
data. It is a complex subject, the interpretation
of which is somewhat subjective. Perhaps,
however, it is this very subjectivity that is one
of its strengths, for it permits formulation and
testing of geological models involving pro-
cesses.
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MINERALIZATION SUITE

D-90

D-69

D-53

D-91

Silicified quartz - porphyry

Disseminated chalcopyrite, pyrite and malachite found on west
side of large silicious dome :

Representative of mineralized float found at widespread intervals
around dome (220N, 181W) ‘

Silicified quartz - porphyry

Disseminated pyrite, chalco, malachite

Amount of disseminated pyrite representative of unaltered areas
of porphyry stock (218N, 188W)

Silicified quartz porphyry, boxwork fracturing,' pyrite filled
showing at least two periods of mineralization

.Located on North bank of Discovery Creek 800' SW of Breccia pipe

and as float in Discovery Creek

Textbook example of transported limonite (pyrite) vugs void, Rx
stained light brown

Porphyry Rx leached and clay altered

Located between East and South fork of Nansen Creek & at (228N,
212W)



